Purpose: To investigate the ferritin distribution in epithelial ovarian cancer patients according to the FIGO stage in the prognosis of epithelial ovarian cancer. Method: All ovarian cancer patients were divided into two groups according their FIGO stage. Benign ovarian tumor patients were analyzed as the control. Serum ferritin, serum iron, and other related medical index were detected by automatic instruments for all patients. In addition, ferritin heavy chain (FHC) and ferritin light chain (FLC) proteins were detected by immunohistochemical staining in 60 epithelial ovarian cancer (EOC) patients and 30 benign ovarian tumor (BOT) patients, which were diagnosed in our department between 2011 and 2016. Results: The serum ferritin concentration was significantly higher in the EOC group than in the BOT group (172.56 ± 99.39 ng/mL vs 78.18 ± 43.06 ng/mL; p < 0.001). The average concentration of serum iron was slightly lower in the EOC group than in the BOT group (11.11 ± 5.68 μmol/L vs 14.92 ± 6.36 μmol/L; p < 0.01). In addition, FHC and FLC proteins were highly expressed in EOC patients and localized at least in the cytoplasm and nucleus. Quantitative data of the FHC or FLC expression showed a significant increase in the average optical density in the benign ovarian tumor group compared with the FIGO I-II stage ovarian cancer group (p < 0.01 and p < 0.01, respectively) as well as in the FIGO I-II stage ovarian cancer group compared with the FIGO III-IV stage ovarian cancer group (p < 0.05 and p < 0.05, respectively). In addition, FHC and FLC positive rates of 81.7% and 76.7%, respectively, were found in the ovarian cancer group; the FLC positive rate in the FIGO I-II stage ovarian cancer group was lower than in the FIGO III-IV stage ovarian cancer group (58.3% vs 86.1%; p < 0.05); and the FHC positive rate in the FIGO I-II stage ovarian cancer group was lower than in the FIGO III-IV stage ovarian cancer group (70.8% vs 88.9%), but this
Introduction
Ferritin is a multimeric globular protein of approximately 450 kDa constituted by 24 subunits of the proteins ferritin heavy chain (FHC) and ferritin light chain (FLC), assembled in a nanocage with a central cavity where up to 4500 iron atoms can be stored [1] . Under normal conditions, ferritin can store intracellular iron in a non-toxic and readily available form, and it often plays an important role as major antioxidant molecule and has been long recognized to be essential in maintaining the cellular redox status [2] [3] . Recent studies have shown that a high expression of ferritin plays an important role in tumor invasion, tumor growth, and chemotherapeutic drug resistance [1] [4] . For example, Connor et al. (2015) pointed out that ferritin inhibits the death of breast cancer cells induced by oxidative stress [5] . In 2011, they found that ferritin (H chain) siRNA increases the chemotherapeutic effect of carmustine on the DNA damage of gliomas [6] . Faniello et al. (2011) found that cell proliferation, cell invasion, and protein expression were significantly reduced when the ferritin gene was silenced by proteomic analysis of MM07m melanoma cells. Observation of their tumor growth capacity in vivo, the injected with FHC-silenced MM07(m) cells mice showed a remarkable 4-fold reduction compared to those who received the FHC-unsilenced MM07(m) counterpart [7] .
Epithelial ovarian cancer is a serious gynecological with high mortality. More than 50% of the patients relapse and produce chemotherapeutic drug resistance, and the treatment of recurrent resistant ovarian cancer is rather difficult in clinic. It has been reported that patients with ovarian cancer exhibited iron deficiency, anemia, and an increased ferritin concentration [4] [12] . In this study, we investigated the ferritin distribution in clinical epithelial ovarian tumor patients according to the FIGO stage, striving to provide more laboratory references for the diagnosis and treatment study of ovarian cancer.
Material and Methods

Cases and Groups
The present study is a retrospective, observational trial performed after approval 
Hematological Data Acquisition
Parameters directly collected from previous medical records include red blood (CA125) were additionally examined using the saved blood samples collected at the time of the preoperative examinations and kept at −80˚C until sampling. Serum ferritin and CA125 were detected by the Cobas 6000 analyzer (Roche Diagnostics GmbH, Germany) and the corresponding kit (Roche Diagnostics GmbH, Germany).
Immunohistochemical Staining
Four-μm thick paraffin-embedded, formalin-fixed slides of de-identified human tissues were deparaffinized, and high-temperature heat pressure antigen retrieval 
Image Analysis
Imaging of immunohistochemically (IHC) stained tissue was performed using the imaging system HMIAS-2000W (Wuhan Champion Image Technology Co., Ltd., Wuhan, China) and the Olympus BX41 microscope (Olympus Corporation, Japan), and the positive rate and average optical density were calculated from the images.
Positive criteria: protein expression was assessed by scoring the percentage of the labelled cells. FHC and FLC expressions were quantified using a visual grading system based on the proportion of staining (percentage of positive tumor cells graded on a scale from 0 to 3: 0, none; 1, 1% -30%; 2, 31% -60%; 3, >60%) and the intensity of staining (graded on a scale of 0 to 3: 0, none; 1, weak staining; 2, moderate staining; 3, strong staining). The product PI = P × I of proportion (P) and intensity (I) of the staining ranged between 0 and 9 and was obtained as a combined parameter for each spot. For statistical analysis, a PI score of 0 -3 was considered as negative expression and a PI score > 3 was considered as positive expression [13] . Determination of the average optical density: three images of the oncocytic area with 100× magnification were randomly obtained from every IHC section to quantify the average optical density (AOD) using the Image-Pro Plus 6.0 software, and the AOD data were visualized in a box plot created by the Origin 8.5 software (OriginLab, Northampton, MA, USA).
Statistical Analysis
Continuous data are expressed as mean ± standard deviation (S.D.), and differences between two groups were compared by Student's t-test. Differences in the positive rates were analyzed using chi-square tests. 
Results
Ovarian Tumor Patients Clinical Characteristics and Their Serum Ferritin Analysis
All 90 ovarian tumor patients were treated in our hospital. Among these pa- ALT and AST in the two groups were normal, while the EOC group showed a slightly higher value than the BOT group (p < 0.05 and p < 0.01, respectively).
The concentration of ALB was significantly lower in the EOC group than in the BOT group (p < 0.05). The average concentration of BUN was lower in the EOC group than in the BOT group, but this difference was not statistically significant (p = 0.074).
Evidently, the average concentration of the ovarian cancer marker CA125 was 
Evaluations of Secreted Serum Ferritin and Serum Iron in Ovarian Cancer Patients According to the FIGO Clinical Stage
As mentioned above, the serum ferritin level was increased, and the serum iron (Table 2) . 
Expression of Ferritin and Its Subtype Positive Rate According to the Ovarian Cancer FIGO Clinical Stage
To investigate the expression of ferritin and its subtype positive rate, the two ferritin subtypes ferritin heavy chain (FHC) and ferritin light chain (FLC) were detected by immunohistochemical methods in benign ovarian tumor and epithelial ovarian cancer patients. As shown in Figure 1 , FHC and FLC were highly expressed in EOC patients and were localized in the cytoplasm and nucleus. The average optical density was obtained and analyzed, which revealed that the expressions of FHC and FLC in the EOC group was increased compared with the BOT group: the average optical density of FHC in the BOT group was 0.172 ± 0.051, whereas values of 0.241 ± 0.077 and 0.277 ± 0.057 were determined for the FIGO I-II and III-IV stage EOC groups, respectively, which presents a statistically significant gradual increase (t = 3.815, p < 0.01 and t = 1.944, p < 0.05, respectively). In addition, the average optical density of FLC in the BOT group was 0.163 ± 0.042, whereas values of 0.220 ± 0.089 and 0.265 ± 0.063 were determined for the FIGO I-II and III-IV stage EOC groups, respectively, which also presents a statistically significant gradual increase between these groups (t = 2.928, p < 0.01 and t = 2.117, p < 0.05, respectively; Figure 1 ).
Furthermore, the positive rates of FHC and FLC were calculated according to the ovarian cancer FIGO clinical stage. As shown in Table 3 Table 3 ).
Discussion
Ferritin can be expressed in its intracellular iron cargo protein form or its extracellular form of secreted ferritin [1] [2] [3] . High expression of ferritin in cancer tissue plays an important role in tumor invasion, tumor growth, and chemotherapeutic drug resistance, and secreted ferritin could be detected in the serum and was considered as tumor marker [4] - [12] . However, some studies demonstrated the characteristics of the ferritin distribution in epithelial ovarian tumor patients. To the best of our knowledge, the present study is the first to show that patients show ferritin overexpression and serum ion downregulation as the tumor grows, which presents a potential new target for diagnosis and treatment of epithelial ovarian cancer.
The present study evaluates the prevalence of cancer-related anemia in a large cohort of oncology patients with cancers of the ovaries. For example, our data showed that both the red blood cell (RBC) count and the average concentration of hemoglobin (HB) were significantly decreased among ovarian cancer groups compared with benign ovarian tumor groups. MCV, MCH, and MCHC showed no significant differences between the two groups. In addition, the average concentration of the liver enzymes ALT and AST in the two groups were normal while the EOC group showed a slightly higher concentration than the BOT group. In contrast, the concentration of albumin (ALB) was lower in the EOC group than in the BOT group. Anemia and nutrition deficiency in oncology patients is often considered a side effect of cancer therapy [8] , and our study supported that anemia and nutrition deficiency may occur in ovarian cancer patients before any antineoplastic treatment.
We found that the serum iron concentration decreased with the tumor growth. We hypothesized that the tumor has an intrinsic need for iron, and some evidence supports this hypothesis. Some studies showed that cancer tissue usually has an increased iron uptake and a decreased iron release and usually exhibits an iron deficiency in the serum and an iron overload within the tumor J. P. Jiang et al. [1] [2] . Cancer antigen 125 (CA125) is a traditional marker for the diagnosis of ovarian cancer. In the present study, a significant increase of CA125 was clearly detected in the EOC groups. At the same time, serum ferritin, one of the storage forms of iron, was analyzed and showed a similar increase in the EOC groups. Some studies have demonstrated an increase of serum ferritin in ovarian cancer patients [9] [10], which is consistent with our results. Furthermore, we calculated the concentration of serum ferritin for EOC patients with different FIGO clinical stages. Our results showed that the increase of serum ferritin, the extracellular form of secreted ferritin, is correlated with the prognosis of ovarian cancer. In addition, we analyzed the expression of ferritin in its intracellular form in epithelial ovarian tumor patients with immunohistochemical methods, revealing a higher ferritin expression in ovarian cancer patients compared with benign ovarian tumor patients. Analysis of the average optical density showed that the expression of ferritin heavy chain (FHC) and ferritin light chain (FLC) proteins in the EOC group gradually increased from BOT group, over FIGO I-II stage EOC patients, to FIGO III-IV stage EOC patients. These results showed that the expression of ferritin is positively correlated with tumor growth. As mentioned above, recent studies revealed that the higher ferritin expression in malignant tumors is related to myelodysplastic syndromes [14] , cancer metastasis [15] [16], drug resistance [5] [6], and poor prognosis [17] . The higher ferritin expression determined in our study makes further investigations necessary to elucidate the function of ferritin in different compartments of cancer cells.
Conclusion
Overall, we conclude that an abnormal distribution of ferritin was found in epithelial ovarian cancer patients, and ferritin overexpression and serum iron downregulation in epithelial ovarian cancer were consistent with the cancer prognosis, indicating that ferritin may be a new target for diagnosis and treatment of epithelial ovarian cancer.
